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INTERACTION OF THE EW&T WAm WITH WINGS I '  

- +  
PART 11. WAVE-TAm STUDIES 

Proposed Talk f o r  Third Shock Tube Symposium 
March 1-11, 1959 

Hotel Chamberlin, Old Point Comfort, Va. 

E& Donald R. McFarland 

. one of the large rooms ef the gas 

Langley Research Center there  has been f o r  some time a small- scale  

spherical  blast-wave f a c i l i t y  which we have ca l led  the  wave tab le ,  

T h i s  blast-wave t a b l e  oonsists of a large f la t  s t e e l  surface, 1 2  by 

15 fee t ,  over which a r e  detonated small spherical  bare high explo- 

s ive  charges, 

proven t o  be very closely scaled and readi ly  controllable laboratory 

versions of,,large 

,- ~ 

The spherical  b las t  uaves which mre produced have 
L' 

* b las t s  
very 

Various types of op t ica l  s tudies  have been made on the  wave table,  

including tirnelresolved measurements of Wch-stem formation and growth 

as a function of burst  height, wave attenuation due t o  rough surfaces, 

and t rans ien t  flow f i e l d  about bodies and wings. Because of the  small 

sca le  of t he  bodies which have been used, the  placenent of pressure 

transducers has been generally limited t o  the  t ab le  surface and used 

mainly f o r  checks on the  blast-nrave pressure versus time characteris-  

t i cs  and any wave re f lec t ions  which may bo present. 

Because of the  experience t h a t  had been gained i n  the  use of t he  

nave t a b l e  i n  these types of studies, RB have been involved i n  a co- 

operative program Kith the  gust loads personnel o p t h e  study of t he  

H 
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general problem of t ransient  loads bposed on a i r c ra f t  encountering 

b las t  waves. 

An earlier investigation was made by placing a s m a l l  wing model 

i n  the  air  stream from a lowspeed free-air j e t  located i n  the blast-  

wave table. This air j e t  simulated the forward motion of an a i r c r a f t  

i n  f l i g h t  pr ior  t o  encounter w i t h  a blast  wave. 

b las t  wave used was suff ic ient  t o  change the  angle of attack from 0 t o  

30' during which time the opt ica l  studies of the t ransient  f l o w  were 

made. Good correlation was obtained of the  movement of vortices along 

the  surface of the  ming and the movement of the  pressure load peak ob- 

tained by the  gust loads group from the i r  previous f lying models. 

The strength of the 

Mr. Pierce has already to ld  you of the  ground f a c i l i t y  involving 

8 large shock tube which i s  t o  be used f o r  extending these studies t o  

higher velocities. In  order t o  gain some preliminary insight  i n to  the  

f e a s i b i l i t y  of this idea as well as t o  obtain some opt ica l  data on the  

t rans ien t  flow occurring a t  the higher Wch numbers, m e  i n s t a l l ed  a six 

inch shock tube i n  our small-scale fac i l i ty .  

Our small-scale faci l i ty  arrangement i s  shown in figure 1. The 
A 

bliastaave tab le  consists of a two-inch thick boiler p la te  approximately 

1 2  feet by 15 feet ,  over which i s  detonated a small 15 t o  50 gram bare 

pentol i te  charge. 

diamter which is a one-twentieth scale of the &bok tunnel j u s t  described 

by Mr. Pierce. 

The shock tube tunnel was h f e e t  long m-d 6 inches i n  
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As Mr. Pierce has pointed out, this type of shock-tube-tunnel 

operation uses the  so-called "bold flow" of the  sho& tube. 

this part of the  f low i s  not used f o r  t e s t i n g  purposes i n  shock-tube 

work. I n  order t o  minimize re f lec t ions  of the  b l a s t  wave with this cold 

j e t  air stream, the  air  i n  the  tube is preheated by e l e c t r i c a l l y  heating 

the  shock-tube wall. 

jet-flowtemperature and density could be matched t o  t h a t  of the ambient 

room conditions, leaving only the  mixing zone a t  the  edge of the j e t  

f o r  possible re f lec t ion  with t h e  blast .  

&LE tube were bass s h i m  atock and were scribed i n  f o u r  pie  sections. 

A remotely controlled hammer and plunger arrangement was used t o  burst  

the diaphragm a t  the desired pressure. Schlieren photographs uere  ob- 

ta ined at  different b l a s t  flow times by the  use of a variable-delay 

generator t r iggered by t he  b l a s t  front which then f i r e d  the schlieren 

spark l i g h t  source. 

Normally, 

I$ obtaining the correct preheat temperature, t h e  

Diaphragms f o r  the  6-inch diam- 

As was mentioned previously, a 0.10 m c h  nuaber steady free-air 

j e t  was used with t h e  wave t ab le  pr ior  t o  the  use of the shock tube. 

To acquaint you with this low speed data, some Schlieren photographs 

of t he  vortex pat terns  are shown i n  f igure 2. 

of the  f igure  shows the  b las t  flow normal t o  t h e  j e t  flow resu l t ing  i n  

an initial angie-of-attack change of 30°. 

course, decays as the  b l a s t  flow decays with t i m e .  The first schlieren 

The picture  a t  the top 

This angle of attack, of 

p ic ture  was taken shor t ly  a f t e r  blast  f ron t  a r r iva l .  The second pic-: 
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ture  i s  i n  t h e  order of 300 microseconds after b l a s t  arr ival .  I n  

order t o  show the  vort ices  somewhat inore clearly, the  model was s e t  a t  

a 30° angle of a t tack t o  the  b l a s t  flow with no i n i t i a l  flow over t h e  

wing model. 

flow veloci ty  i s  the  same immediately after b l a s t  arr ival ,  there  are 

It must be remembered here t h a t  a l thoughthe  resu l tan t  

some important differences t o  be noted f o r  the b l a s t  alone case. 

i s  no i n i t i a l  flow f i e l d  about the  model p r io r  t o  the  blast .  

There 

There i s  

no change i n  angle of a t tack with time during the  blast .  30th the  for- 

ward and normal components of the blast  veloci ty  decay rapidly with 

time f o r  t h e  30degree-blast  case whereas only t h e  normal b l a s t  velocity 

decays with time f o r  the steady-jet-flow case. Despite these differences 

there  i s  good correlat ion between these two cases in re l a t ion  t o  t h e  

vortex movements with respect t o  t h e  free-stream f l u i d  movement. 

Figure 3 shows t h e  photographs obtained using the shock-tube - -  

flow a t  a forward Mach number of 0.35 which i s  an intermediate subsonic 

case, I n  t h e  f i rs t  picture  the  b las t  f ron t  can s t i l l  be seen as it has 

j u s t  passed over t h e  model. 

able, even though t h e  shock-hbe flow i s  not as clean as the  flow i n  

The vortex regions are still distinguish- 

tne previous case of t he  free-air  jet. 

a t  30' angle of a t tack is shown for  comparison. 

Here again the  b l a s t  f l o w  alone 

The f i n a l  f igure shows a high subsonic Mach number where compress- 

i b i l i t y  shocks have already been set up on the  m i n g  model by the  shock- 

tube j e t  flow, The i d e n t i t y  of vortex seems t o  be l o s t  i n  t he  region 

of t h e  compressibility shock, although t h e  region of disturbance i s  s t i l l  

very evident, The blast-wave f ront  shown i n  the  first picture  appears t o  
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be even more d is tor ted  than before. This is probably due t o  passing 

through a stronger mixing zone at the  edges of t h e  c i rcu lar  j e t  flow. 

With t h e  b l a s t  f l o w  alone as i n  t he  previous case the  vort ices  seem t o  

hold t h e i r  identity,  even a t  these higher veloci ty  flows. 

These opt ica l  studies have provided a be t te r  insight i n t o  the  

nature of t h e  t rans ien t  flow over a wing a t  d i f fe ren t  Mach numbers, when 

the  wing encounters a b las t  of suff ic ient  magnitude t o  suddenly change 

the  angle of attack by a large amount. These r e s u l t s  should prove a 

useful supplement t o  t h e  pressure loads investigations t o  be carr ied 

out  i n  t h e  la rge  gust loads f a c i l i t y .  
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